In this study, in order to develop low temperature sintering piezoelectric ceramics for LTCC(LowTemperature Co-fired Ceramic) multilayer piezoelectric actuator, PMW-PMN-PZT ceramics using 0.2 wt% Li2CO3 and 0.25 wt% CaCO3 as sintering aids were investigated according to the variation of PMW substitution. The composition ceramics could be sintered at 900 C by adding sintering aids. As the amount of PMW substitution increased, the crystalline structure of PMW-PMN-PZT ceramics moved gradually from tetragonal phase to rhombohedral phase, and MPB (Morphotrophic Phase Boundary) region appeared at 2 mol%o PMW substitution. At the sintering temperature of 900 C, the density, electromechanical coupling factor(kp), mechanical quality factor(Qm), dielectric constant(c,), piezoelectric constant(d33) and Curie temperature(Tc) of 2 mol%o PMW substituted PMW-PMN-PZT ceramics showed the optimal values of 7.88 g/cm3, 0.58, 1002, 1264, 352 pC/N and 336 C, respectively, for LTCC multilayer piezoelectric actuator application.
INTRODUCTION
Piezoelectric ceramics have been widely used for a lot of applications such as piezoelectric transformers, ultrasonic motors, sensors and piezoelectric actuators due to their excellent piezoelectric properties. Especially, in the case of piezoelectric actuators, the development of multilayer type which can be driven under a low voltage and a low power has been needed for installing it in the digital camera of PDA and Mobile phone. Recently, the production and disposal of environmental contamination materials has been restricted intensively throughout all electric and electronic productions, and the researches on lead free piezoelectric ceramics and low temperature sintering ceramics have been actively performed in order to cope with these restrictions.
The low temperature sintering ceramics is not only needed to prepare against environmental contamination materials restrictions but also applicable to multilayer ceramics capable of using a pure Ag as internal electrode. In this study, in order to improve piezoelectric and dielectric properties of low temperature sintering ceramics, Pb(Mg1/2 W1/2)03-Pb(Mnl/3Nb2/3)03-Pb(Zrl2Til/2)03(abbreviated as PMW-PMN-PZT) ceramics were fabricated according to PMW substitution, and their possibility of application to LTCC multilayer actuators was investigated. 
RESULTS AND DISCUSSION
The piezoelectric ceramic specimens in this experiment could be sintered at 900°C due to the addition of sintering aids. (002) and (200) 1. Table 1 shows the physical properties of specimens manufactured in this study.
CONCLUSIONS (1) Composition ceramics developed in this research
could be sintered at 900°C due to the addition of sintering aids. The density increased with increasing PMW substitution and the maximum value was 7.88 g/cm3 at 2mol% PMW substitution.
(2) With increasing PMW substitution, the crystalline structure of specimen was changed from tetragonal phase to rhombohedral phase gradually and Curie temperature decreased. 
